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ABSTRACT

The sequence of condensation of minerals from a cooling gas of solar
composition has been calculated from thermodynamic data over the pressure
range 10'_3 to 10-5 atm assuming that complete chemical equilibrium is
maintained. The results suggest that the Ca-Al-rich inclusions in Allende
and other carbonaceous chondrites are aggregates of the hiéhes; temperature
condensates. Complete condensation éf these elements is.fqllowed, 100°
later, by the onset of the crystallization of nickel~iron, forsterite and
enstatite. Transpdrt of Ca-Al-rich refractory condensatés from one part
of the nebula to another before the condensation of these lower-temperature
phases may have been responsible for the refractory element fractionations
between the different classes of chondrites and possibly for the inferred
refractory element enrichment of the moon.

The temperature gap between the condensation températures of nickel-iron
and forsterite increases with increasing total pressure. Because pressure
and temperature probably increased with decreasing heliocentric distance
in the solar nebula; Mercury may have accreted from a condensate assemblage
having a higher metal/silicate ratio thaanehus or Earth which may, in turm,
have formed from less oxidized material than Mars. Heterogene&us accumulation
models in which the earth accretés in a stratified fashion with refractory
condensates in the interior and volatile materials in the surface layers

have some geochemical advantages over homogeneous accretion models.



INTRODUCTION

The évailability of accurate thermodynamic dara, high-quality data
on the abundanceé of the elements in the solar system and estimates of the
initial physical éoﬂditions in the solar nebula allows the accurate calcu-
lation of the sequence of coﬁdensation of minerals during the cooling of
the gas cloud. The purpose of this paper is to present the results of
these calculatioﬁs and tq'revieﬁ their applicability to some important
problems in meteoritics and plametology. For a more detailed review, the

reader is referred to Grossman and Larimer (1974).

METHOD OF CALCULATION

Recent modéls for thg evolution of the solar nebula (Cameron anleine,
1973) suggest that ﬁemperatures as high as 2000°K and total pressures
betﬁeen 10'_3 and 10_5 atm‘prevailea in the inner part of the nebula. At
equilibrium under these conditions all the major elements would have been
completely in the vapor sﬁate. The relative abundances of the elements
in the solar syétem have recently been reviewed by Cameron (1973). It is
probable that the agunﬁances of'mosf of the major elements are now known
to within a factor of two and that trace element abundances are known to
within a factof.of ten. Because the pressure andlcompﬁsition of the solar
nebular vapor aré known, the distribution of the elements between gaseous
molecules and erystalline phases can be computed as a function of temperature

using equilibrium thérmodynamic models.



The general outline of the method used to calculate the sequence of
condensation of elements and compounds from a cooling gas of solar composition
is given below. Tﬁe details of the calculations may be found In Grossman
(1972).

The system is assumed to contain only the 20 most abundant elements
in the solar systém, excluding the noble gases. For each element, a mass-
balance equation is written which contains terms for the concentrations of
all gaseous species containing that element. If a chémical reaction is
written in which each polyatomic gaseous molecule is formed from its monatomic
gaseous constituent elements, then its concentration te;m in the mass-balance -
equations can be replaced by the product of the equilibrium constant for
~ the reaction and éowers of concentrations of the monatomic gaseous component
elements. The equation set, contalning terms for 300 gaseous species, thus
reduces to a system of 20 simultaneous, non-linear equations in 20 variables,
the concentrations of the 20 monatomic gaseocus elements. This equation set
can be solved easily by a method of successive approximations using a high-
speed computer.

The reaction for the decomposition of a crystalline phase into its
monatomic gaseous‘component elements can be used to obtain its condensation.
temperature. For each of over 100 solid phases of interest, the temperature
variation of the equilibrium constant for this reaction is compared to the
concentrations of the relevant gaseous species as calculated at different

temperatures from the mass-balance equations.



At a given pressure, the equation set was solved first at the highest
temperatutes and then at successively lower temperatures, in intervals of‘
25 or 50°, At each temperature, the solutions were checked against the
equilibrium constants for every crystalline phase in order to test for the
condensation of solids. When such a phase was found to ap?ear, its exact.
condensation temﬁerature was' calculated, an'additionél variable was édded
to the equation éet below that temperature to account for its presence andl
a new equation was added, imposing the condition that the new crystalline
phase be in.completé chemical equilibrium with the vapor. The calculatioﬁs-
were continued to lower and lower temperatures where more solid phases were
seen to condense and react with the vapor to form new phases. The result
of the calculations is a model which describes the progressive condensation
of the cooling solar nebula at complete chemical equilibrium. Caleculated
condensation temberétures woﬁld be in error by +20° due to estimated un-
certainties in f}éé'energies of formation. The year—to—yeaé'fluqtuations
in elemental abuﬁdanﬁes lead to temperature uhcertainties on the order of

10-20°.

RESULTS

Early Condensates. figure 1 shows the calculated distribution of Al
between crystalline_phases and vapor at 10“3 atml total pressure, Cdrunéum
13 the first-condensate containing arsignificant.fraction of any of'the
major elements. It condenses at 1742°K and consumes ﬁore than 95% of the.Al

before it begins to react with the vapor to form melilite at 1608°K. The



amount of melilite increases with decreasing temperature, forming at the
expense of corundum. The remaining corundum reacts with gaseous Mg at
1533°K to form épinel. Melilite is a solid solution of gehlenite,
CaZAIZSiO7, andlakermanite, CazMgSiZO7. The first melilite to form is
virtually pure géhlenite. At 1500°K, it still contains only 5 mole %
akermanite but by 1450°K this concentration must reach 79 mole %, according
to ideal solid solution theory. Consequently, the melilite expels Al to
form more coexisting spinel below 1500°K. The numbers on the melilite
curve in Figure 1 indicate the mol; % of akermanite in 'solid solution.
At 1442°K, the melilite reacts completely with the vapor to form dioﬁside
and more spinel;

The distribution of Ca between vapor and solids at lt'.)-3 atm is
shown in Figure 2. Perovskite is the first Ca-bearing phase to condense,
appearing at 1632°K. Because the Ti/Ca atomic ratio is only 0:03, however,
even when all the Ti is consumed by perovskite at 1600°K, only 3% of the
Ca is condensed, The major sink for Ca at high temperature is melilite.
More than 90% of the total Ca is condensed at 1550°K. At 1442°K, the total
reaction of melilite'to spinel and pyroxene is evident; The calculatibns
refer to a pyroxene of diopéide composition, CaMgSizoe; although there is
some evidence from meteorites that this pyroxene might be rich in Al, Tia+
and T13+. Therﬁodynamic data are lacking, however, for pyroxenes of these
compositions.

The early condensates are thus dominated by minerals rich in Al and Ti

which are totally condensed at 1600°K and Ca which is 90% condensed at 1550°K.
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Condenshtion of the Most Abundant Non~Volatile Elements. In

distinct contrast to Ca, Al and Ti, the most abundant metallic elements,

Fe, Mg and Si are virtually uncondensed above 1530°K and significant

fractrions of themlbegin to condense only below 1460°K (fe) and 1430°K (Mg; 5i).
Figure 3 illustrates the distribution of Mg betwaen‘crystalline phases and
vapor at 10-'3 atm. The éondensation curve for metallic nickel-iron is aléo'
shown. The bulk of the Mg begins to condense at 1430°K as foréterite

which later reacts with the vapor to form enstatite at 1355°K. ‘Iron begins

to condense at 1460°K and is 46% condensed when forsterifé appeafs. Figure 4
shows that significant éondensation of 51 also does not Begin until}forsteri;e
formation. |

This difference in the condensation behavior of Ca, Al énd Ti on one
hand aﬁd Fe, Mg and Si on the other may have led to chemical fractionations
in the scolar nebula. If physical condifions existed during the condensation
of the nebulé which allowed the efficient separation of dust from gas ah&
the concentration of'dus; relative to the gas in some regions, then some
bédies in the inner solar system may have accreted from materials eﬁricﬁed
or depleted in Cé, Al and Ti relative to Mg, Fe and Si compared to the solar
system abundancéé;

The first metal alioy to condense from a gas of solar composition at
‘10-3 atm should contain 15.1 mole % Ni, 0.76% Co, 0.35 % Cr and 83.8 % Fe,
If the metal continues to equilibrate with the vapor as the temperature
falls, its composition should be 6.0 % Ni, 0.28 % Co, 1.00 % Cr and 92.7 %

Fe at 1375°K.
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The variation with pressure of the condensation temperatures of some
of the phases discussed above is shown in Figure 5. The sequence of con-
densation and reaction is the same froﬁ 1073 to 10_5 atm for all the
iithophile elements with the entire sequence moving dowvnward in temperature
by about 70° for each factor of ten decrease in total pressure. Metallic
nickel-iron, however,_has a lower condensation temperature than forsterite
below ~5.5 x 10_5 atm and condenses above forsterite at higher pressure.
The temperature gap between the condensation points of metal and forsterite
increases with increasing pressure, suggesting that metal/silicate fractionatipn
during condensation increased in importance toward the center of the nebula

where the pressure was highest.

Some Low-Temperature Condensation Reactions. As Larimer (1967) pointed
out, Na and K are relatively low—témperature condensates,-appearing below
1250°K at 10_3 atm perhaps iﬁ the form of alkali feldspar. The high-temperature
magnesium silicaﬁes remain FeO~free until the temperature falls below 800°K
when the nebula becomes more oxidizing by the reaction of CO with H2 to produce
CH4 and HZO' Sqlphﬁr condenses when gaseous HZS reacts with excess metallic

nickel-iron to form troilite at 700°K. Magnetite becomes stable at 405°K

and the hydration of ferromagnesian silicates takes place at approximately 350°K.

INTERPRETATION

1. Chondrites

Refractory Aggregates in the Carbonaceocus Chondrites. Irregularly-shaped,
white aggregates are found in the C2 and C3 carbonaceous chondrites. They are
enriched in Ca, Al and Ti and depleted in Mg, Fe and Si relative to the solar

/
I



system abundancee.'wThis suggests that they may be related to the highesc
temperdture cohdehsates from the solar nebula (Larimer and Anders, 1970;
Marvin et al., 197@; Grossman, 1972; Grossman and Larimer, 1974). In

Table 1, the buik chemical compositions of two of these inclusions from

the Alleﬁde meteorite are compared to calculeted equilibrium condensate
lc.ompositions,- excluﬂieg metallic Fe, in the temperature range 1475 to
1440°K at 107> atm total pressure. The quantitative similarities reinforce
the suggestion chet the Inclusions mey be samples of the early condensates.
The small quantities of alkali metals and Fe0 may have'entered the inclusions
as a result of metamorphic reactions inside the parent body, long after
condensation w;sllﬁér.' |

‘ The common mlneral aseemblage in the Ca-rich 1nclusions ccnsists of
perovskite, spinel and melilite which usually contains about 25 mole %
akermanite (Kurac,:l970; Fuchs, 1969, 1971; Clarke et al., 1970). These

are precisely ih; same phases.which are predicted to be in;equilibriﬁm with
the solar nebular gas in the temperature range.1500 to'1450°K at 1077 atm.
- Sometimes these aggregates are surrounded by narrow rims ofidiopside.which.
.‘ﬁayﬁsignify'the_oneec of the;reactioe'of melilite eith thelveﬁof‘to-form

diopside énd spihél’at'1442°K. Other types of Ca—rich‘inclusioﬁs are found

which contain coarse crystals of pyroxene rich in A1203, Ti0; and T1,0,.

D — ‘ ~ This mineral might be & condensate or, alternatively, it

may be a crystallization product of a liquid formed when a condensate aggregate

was later melted.



Although they have very low partial pressures in a gas of solar
composition, some trace elements form such stable, refractory compounds
that they can condense in the same temperature range as melilite, spinel
and perovskite (Grbssman, 1973). Table 2 shows the approximate condensation
temperatures of a number of these elements comﬁared to the Ca-Al-rich minerals.
In the final column of this table are the results of trace element analyses
of some Allende inclusions. These show that almost all of these elements
are enriched in the inclusions by factors of 10 te 25 relative to Cl chondrites.
Thus, in spité of the vast differences in geochemical behavior between
elements as dissimilar in chemical properties from one another as the rare
earths and the platinum metals, for example, these elements are all con-
centrated into the same mineral aggregates. The only feature common to all
of these elements‘is that they condense from a gas of solar composition over
the same temperature range as the major phases in the inclusions. They may
have nucleated upon the major minerals or may have gone into solution in
some of them during condensation. Alternatively, the trace elements may have
become associated with the Ca-Al-rich phases by serving as the condensation
nuclei for them. The trace element characteristics of the Allende inclusions
are a very poﬁerful argument in support of a condensation origin, |

Gray et al. (1973) reported the lowest Sr87/Sr86 ratio (0.69877) ever
measured in meteorites from a Rb-poor, Ca-rich inclusion in Allende. Such
inclusions are thus the most primitive objects yet sampled in the solar

system.
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High-Temperature Metal and Forsterite Condensates in Carbonaceous

Chondrites. Fucﬁs et al. {(1973) and Grossman and Olsen (1974) described
single euhedral:crystals and loose aggregétes of crystals of nearly-pure
forsterite from Murchison and other'CZ chondrites. Their textures suggest
that they may bg direct condensates from the solar nebula, In that case,
thelr compositions would indicate equilibration with the nebular gas at
temperatures in‘eicésé of 900°K. 1Inside the crystals are tiny grains of
metal with comﬁoéitions in the range 3.8-8.9 mole % Ni; 0.16-0.70 % Co,
0.17-1.07 % Cr and up to 5.7 % P. The Ni, Co and Cr concéptrations suggest
that most of theéé grainé could have equilibrated with a gas of sqlar.com—
position in the tgmﬁerature fange 1430 to 1350°K at 10;3 atm.. The phﬁsphorus
‘may have enfefed‘tha grains when schreibersiﬁe formed as a fesult of fhe_
reaction of gaseous P2 with the metal at 1420°K. The absénce of gfains.

ﬁith higher Ni cbptenCS'than are observed may . indicate -that earif, high~Ni
metal-was ablé‘to equilibrate before being isolated from the vapor by\the
growth of forstérité aroupd it. This implies a time lag between the conden-
sation of metal énd that of'foréterite, such as would be the case at pressures
‘greater than ~ 5.5 x 10™° atm.

Fractionation of Refractory Condensates. Larimer and Anders (1970)

showed that the ordinary and enstatite choﬁdrites ére.depleted in the refractory-
lithophile élemeﬁts by mean factors of 0.69 and 0.50, respectively, relative

to the Cl chﬁndrites. These include Ca, Al,.Ti, HE, Zr, Sc¢, Th, Y and rare
earths, many of the éiements listed in Table 2. 1In addition , the Vigarano-

type C3 chondrifes‘appear to be enriched in Ca, Al and Ti by about 28% relative _
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to Cl chondrites {(Van Schmus and Hayes, 1974). Apparently, these elements
were transported together, as a group, from one part of the nebula to
another prior to the accretion of the different classes of chondrites.
The observed fractionations could have been produced by the addition or
removal of only 1~2% of the total condensable matter in the form of high-
temperature condensate aggregates such as the Allende inclusions to or
from a gas of solar compogition.
2., Planets

There is now considerable evidenée in the chondritic meteorites that
chemical fractionations accompanied the condensation of the solar nebula.
This suggests that it may be more reasonable to picture planetary-sized
objects as being‘coﬁposed of different proportions of the condensate
components found within chondrites'than to think of them as having accreted
from different mixtures of the various meteorite types.

The Moon. Numerous analytical studies have shown that the lunar
surface rocks ére enriched in the refractory lithophile elements by factoers
of 5 to 100 and stroﬁgly depleted iﬁ the volatile tramsition metals and
‘alkali metals relative to the solar system abundances (Ganapathy et al., 1970;
Taylor et al., 1971; Wanke et al., 1973). These data have prompted a number
of investigators'to propose that this applies to the moon as a whole and that
the moon accreted from a higher-than-chondritic proportion of the high-
temperature condensaggs. The Allende inclusions represent approximately 4.5
weight Z of the total condensable matter, Ganapathy and Anders (1974) suggested

that the moon contains 24% early condensate, Wanke et al. (1974) proposed 60%
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and Anderaon (1973), in an extreme version of these models;,suggested
that the moon is virtually'100%,high—temperature condenaate.

Condensation calculations suggest, however and the Allende inc1u51ona
confirm, that the early condensate ig rich in refractory siderophile metals
such as Ir,:Re, Os and Ru (Grossman, 1973). On the other hand, the lunar
rocks are depleted in these elements relative to chondrites by factors of
102 to 10ﬁr If these models of lunar composition are correct, the entire
moon should be enriched to a similar degree in these elements as it appears
to be in the case of the refractory lithophiles. Their absence fromlthe.'
Surface rocks would seem to imply that they have been concentrated into the.
lunar interior by a very efficient process such as partitioning 1nt0 an Fe‘
or Fe- S melt which sank under the influence of gravity. |

| Every meteoritlc condensate aggregate whose oxygen isotopic compositlon
has been measured ie found to contain a 1 to 3% enrichment in 0l6 compared
to "normal* solar;system oxygen.. Clayton et al. (1973) attributed this
effect to the aurnival otlpre-existing interstellar grailns during the early
high-temperature stage of the nebula and their incorporation into the forming
condenaate cryatelst' Grossmanlet al. (1974) reported that the lunar'sanples
show no evidence of this anomaly. Furthermore, there is no*known'meteoritic
material‘which_candbe mixed with the Allende.incluaions to yield the inferred
oxygen isotopicocomposition of-the moon. The major cosmochemical argument
against a refractory condensate-rich moon thus appears to be that the required

early condenaatea having normal isotopic composition exist only in theory and

have not been observed in meteorites.



- 12 -

The Terrestrial Planets. From the densities of the terrestrial

planets, Urey (1967) estimated that the Fe/Si ratio of Mercury is 3 times

~ that of the eattﬁ and 5 times that of Mars. This progressive decrease in
planetary metal/siliéate ratio with increasing heliocentric distance can

be understood, at least qualitatively, in terms of condensation models.
Hoyle and Wickramasinghe (1968) and Cameron and'Pine.(1973) presented
physical models of thé solar nebula in which the préssure and temperature

in the median plane are highest in the center and decrease with increasing
heliocentric distance. In addition, we have seen that thg temperature gap
between the condensation temperatures of metal and forsterite increases with
pressure. Mercury pfobably.éccreted from materials which condensed at a
higher pressure than Venus or Earth. Therefore, it might be expected to
possess a higher metal/silicate ratio if the nebular gases were dissipated
at a time when metal was totally condensed and forsterite only partially
condensed. At the same time, both metal and silicates may have been totally
condensed in the region of the nebula where Venus and Earth formed because
here the pressure‘and temperature were considerably lower. Mars may have

: formgd largely from volatile-rich condensates containing a high ratio of
oxidized iron to metallic iron. Grossman (1972) and Lewis (1972) have both
poinfed out the éimilarity between the pressure~teﬁperature gradients required
in this model and those actually predicted in hydrodynamic treatments.

The Earth: Homogeneous versus Heterogeneous Accretion. Ringwood (1966)

proposed that the earth was built homogeneously from material having the

composition of Cl chondrites and that the core formed when accretional heating
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reduced oxidized iron to the metallic state and melted it,_allowing it to
sink to the center of the earth. Ringwood noted some features of terrestrial
geochemistry which could not be explained adequately by fhis model. Among
these are the highly pxidized nature and ;hé high siderophile element content
of the earth's Cfﬁst and upper mantle. Had the upper part of the earth
ever been in chémical contact with a sinking metallic melt, it should be
very reduced and stripped of its siderophile elements.

In order to overcome these difficulties, Turekian and Clark (1969}
and Clark et al. (1972) proposed thaf the earth accreted heterogeneously,
that is, that the earth began accreting from material of one composition
and finished with material of another composition. Specifically, fhe earth
is pictured as haviﬁg'accreted in a stratified fashion from materials in the
order of their condensation from the nebula. Thus, part of the metal core
may héve formed before lower-temperature magnesium silicates began to condense,
A volatile-rich, qudiZed crust may have been the final lﬁyer_to accumulate
(Larimer and Anders, 1967). Any siderophile elemen;s present in this crust
would remain in the upper part of the earth since, in thié model, the metal
in the core ﬁas nefer In contact with the surface layérs. This heterogeneous
accumulation model makes usé of the high—temperature're&ucing atmosphere of
the solar nebula in order to produce thermetallic core and avoilds the difficulty
of having to lose anlenormous primitive atmosphere of CO which is a formidable

obstacle to the .n ALfu reduction process envisioned by Ringwood,
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CONCLUSIONS

Condensation models provide a very useful theoretical framework for
understanding chemical fractionations in the solar nebul;. These models
can be used in discussing the origin of many of the mineralogical features
of chondrites; the chemical differences between the different chondrite
groups and the chemical compositions and accretional histories of the
terrestrial planeés; Evidently chemical ffactionatiqn begaﬁ in the solar
‘system with the appearance of the first érystalline phasésl
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Table 1. Chemical compositions of Allende white inclusions

compared to calculated condensate compositions at

-3
Ptot = 10 atm.

Condensate  Coarse-grained  Condensate  Fine-grained Condensate

1475°K inelusiont 1450°K inclusion? 1440°K
Cal 32.31 26.76 27.23 21.6 18.86
A1203 34.81 31.61 - 29.22 26.6 20.21
TiO2 1.77 0.99 1.49 1.3 1.02
MgO 9.39 10.82 16.98 13.1 21.03
5102 21.71 29.79 25.09 33.7 38.87
Total — 99.99 99.97% 100.01 96 . 3% 99.99

*Also contains 0.37% FeO and 0.11% Na20

**Also contains 0.1% Cr203, 2.3% YeQ and 1.1% Nazo

lciarke et al. (1970) Type a chondrule NMNH 3529

2Clarke et al., (1970) Single aggregate NMNH 3510



Table 2. Condensation temperatures of refractory trace elements

compared to those of the major high-temperature minerals

e

Condensution Temperature (°K) Enrichment Factor** in

Crystalliﬁe Phase 10-3 atm 1Q-A;atm . Allende Inclusions
0s | 1925 1840 15

W ' 1885 . 1798 13
zr0, - : 1840 1789 10

Re 1839 1759 21
Corundun (A1,0,) 1742 1671 |

HfO, 1 1652 10
Y,0, 1719 - 1646 21 3
5¢,0, L ans 1644 2.9
Mo 1684 1603 - 10
Perovski;e (CaTiOé) ' 1632 | 1557 _ )
RE203 {(in solution) 1632 1557 22.5
Ir | 1629 1555 24l
Ru | 1614 1541 12
Gehlenite (CazAlzsio}j 1608 1528

V,0, | 1534 1458

Spinel (MgA1204) 1533 1451

Ta,0, | 1499 1452 18
Tho,, - 1496 1429

DiopSlde (CaMgSi 6) -1442 ' 1375

*RE = rare earth element. The rare earths can condense in solid solution

in perovskite.
*%Enrichment factor = concentration in Allende 1nc1u51on/concentrat10n in

Type I carbonaceous chondrites,

1,2 Data from Grossman (1973) who analyzed 16 inclusions. All other
enrichment factors are based on one Allende inclu51on, analyzed
by Winke et al. {1973).

2 Average of La, Sm, Eu, Yb.



FIGURE CAPTIONS

Figure 1. The calculated distribution of Al between crystalline phases
and vapor in the solar nebula. Corundum condenses at 1742°K
and begins to react with the vapor at 1608°K to form gehlenite¥
-rich melilite. Excess cﬁrundum reacts to form spinel at 1533°K.
Between 1500 and 1450°K, melilite reacts with the vapor to produce
more sﬁinel and increase its akermanite content (mole % indicated
by numbersrou'the melilite curve)., Melilite reacts completely
with the vapor at 1442°K to form diopside and more spinel. Al

is virtually completely condensed at 1600°K.

Figure 2. The calcﬁlated dfstribution ﬁf Ca between crystalline phases
and vapor in the solar nebula. Perovskite condenses at 1632°K
and melilite at 1608°K, Melilite reacts complétély with the
vapor to form spinel and diopside at 1442°K. Numbers on the
melilite curve give the mole % akermanite in solid solution
in the melilite. Ti‘is totally condensed at 1600°K and Ca

is QOZ condensed at 1550°K.

Figure 3. The calculated distribution of Mg between crystalline phases
and vapor in the solar nebula. Less thén 10% of the total Mg
is condensed above 1450°K. Forsterite appears at 1430°K and
begins to react with the vapor atll355°K to form enstatite.
The condeﬂéation curve for iron as an iron-nickel alloy is
shown for reference. Fe and Mg are more than 90% condensed

at 1350°K.

!
/



Figure 4,

Figure 5.

The calculated distribution of Si between crystalline
phases and vapor in the solar nebula. Less than 10% of the
tot31 Si is condensed above 1450°K. 8i is more than 90%

condenged at 1300°K.

The pressure varlation of the condénsation temperatures of
some important minerals. All condensation temperatures
increase with pressure. The condensation sequence is the same
for all the lithophile elements from 10‘_3 to 10_5 atm,
Nickel—ixén condenses at higher temperatures than férsterite

for total pressures greater than ~ 5.5 x 10-5 atm. The

reverse is true at lower pressures.
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